Restriction fragment length polymorphism analysis of numerous Frankia strains, using a nifDH probe, separated the strains into three distinct groups based on hybridization patterns. The groups identified in this study were well correlated with host specificity groups identified in earlier cross-inoculation studies.
Since the successful isolation of Frankia sp. strain Cpll (5) , a large amount of research effort has been devoted to characterizing pure cultured strains by their symbiotic capabilities. Tedious cross-inoculation studies requiring large numbers of plants (2, 8) have been the only method to determine the host specificities of pure cultured strains.
Recently, Lalonde et al. (9) described the utilization of DNA analyses to classify strains in concert with other laboratory characterization methods. Normand et al. (11) demonstrated that the genes encoding nitrogenase proteins were highly conserved in Frankia strains which they tested. Because of the overall high degree of DNA sequence divergence among Frankia strains (1, 4), we thought that restriction fragment length polymorphism analysis could be useful in categorizing strains into groups which would reflect host specificities in initial screenings.
Bacteria and media. Twenty-nine Frankia strains (Table 1 ) representing the four host specificity groups of Baker (2) were used in this study. Each strain was cultured in an appropriate medium (Table 1) at 28°C. Escherichia coli JA221 containing the recombinant plasmid pAS1 was cultured in liquid LB medium on a gyratory shaker or on agar-solidified plates at 37°C. Ampicillin was added to the medium at a concentration of 50 pg ml-' when required.
Plasmid pAS1 is a recombinant plasmid constructed in the laboratory of F. M. Ausubel by cloning a 3.2-kilobase (kb) HindlIl-EcoRI fragment containing Klebsiella pneumoniae nifD and nifH and part of nifK sequences into the corresponding sites of pBR322.
Frankia DNA isolation. The isolation of DNA from Frankia sp. was essentially the same as described by Bloom et al. (4) , which was originally adapted from a procedure described by Hintermann et al. (6) . Cells from 2-to 3-week-old broth cultures were harvested by centrifugation and washed two times with distilled water, and the quantity of cells was measured by packed cell volume (10) . The cells were then suspended in 3 volumes of TS buffer (50 mM Tris hydrochloride, 0.75 M sucrose, pH 8.0) and homogenized by grinding in a Potter-Elvehjem tissue grinder. The homogenized cells were lysed by adding EDTA (0.1 M) and lysozyme (5 mg ml-') and incubating at 37°C overnight. Proteinase K addition (50 ,ul ml-') followed by sodium dodecyl sulfate addition (0.5%) and incubation at 60°C were used to complete the lysis.
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After centrifugation of the cell lysate, the supernatant was decanted and deproteinated by a phenol-chloroform extraction. DNA was precipitated in ice-cold ethanol at -20°C overnight. The isolated DNA was suspended in TE buffer (10 mM Tris hydrochloride, 1 mM EDTA, pH 8.0) and stored until use at -20°C.
Preparation of the DNA probe. The recombinant plasmid, pAS1, which carries K. pneumoniae nifD and -H genes, was obtained from transformed cells of E. coli JA221. Cells from an overnight broth culture were harvested and plasmid DNA was extracted by the boiling method of Holms and Quigley (7) . The 3.2-kb HindIII-EcoRI DNA fragment containing nifD and -H was radiolabeled by using [32P]dCTP and a (12) . Hybridization with the nifDH probe was performed overnight at 65°C. After hybridization and washing with lx SSC (150 mM NaCl, 15 mM sodium citrate, pH 7.0), the membrane was exposed to Kodak X-Omat film overnight at -70°C, using two intensifying screens. Figure 1 illustrates typical DNA hybridization patterns when the restriction endonuclease Sall and the nifjH probe are used. A summary of our hybridization results is provided in Table 2 . Three distinct hybridization patterns are evident. Pattern I, which corresponds to host specificity group 1 strains, had hybridization bands at 1.7 and 0.94 kb; pattern II, which corresponds to host specificity group 2 strains, had hybridization bands at 2.4 and 1.1 kb; and pattern III, which corresponds to host specificity group 3 and 4 strains, had a single hybridization band at approximately 3.5 kb with some higher or lower. Use of other restriction endonucleases (PstI, XhoI, or BamHI) resulted in hybridization patterns which, although useful in grouping strains, were more complex than the Sall patterns (not shown).
Determination of host specificity among newly isolated Frankia strains is important for practical purposes. This is particularly so because, for unknown reasons, isolated strains may not have the capability of reinfecting the host genus from which they were derived (2, 3) . From the Frankia strains currently held in pure culture, a limited understanding of host specificity has been gained. Three major host specificity groups can be defined if the cross-inoculation data from the two promiscuous actinorhizal genera Gymnostoma and Myrica are disregarded. Briefly, these host specificity groups (HSG) are HSG 1, consisting of strains infecting Alnus and Comptonia spp.; HSG 2, composed of strains infecting genera of the family Casuarinaceae; and HSG 3, composed of strains infecting genera of the Elaeagnaceae. Gymnostoma and Myrica are infected by strains from all of these groups with the exception of a few strains which only nodulate members of the Elaeagnaceae. Baker (2) has defined the latter strains as "restrictive" and separated them into a fourth HSG. At present, the determination of host specificity for any new strain requires cross-inoculation tests 
